Abstract-Data of monitoring of the state of the aquatic ecosystem obtained during registration of changes in spatial and temporal parameters of whole cells and their external structures using internal reflection spec troscopy are considered. Dialysis culture of microalgae with a controlled "external environment" was used as a bioindicator.
One of the main problems of the maintenance of environmental quality and of the control of natural resources is the absence of representative methods and methodology for assessment of environmental condi tions. Long term application of standards of MAC (maximum admissible concentrations of some sub stances in the environment) and quota on atmospheric emission of contaminants have demonstrated that they are not a real boundary between danger and safety thresholds but probably outline a level of risk which is different not only for organisms forming ecosystems but even for different groups of the population [11] . As a result, in the system of monitoring of surface fresh waters, we observe the transition from purely chemical control to the biological concept when bioassays are used in addition to MAC standards.
In spite of the diversity of approaches to the solu tion of the problem, none of them have resulted in development of a method that can be recommended for practical implementation [2, 3] . This is why expert evaluations of the environmental quality are mainly applied in the existing systems of ecological monitor ing. Methods based on the analysis of the species com position require serious preliminary studies aimed at identification of the structure of the community and its dynamics at different changes in the environment. Thus, for the ecological monitoring of fresh waters, the abundance and species composition of plankton, periphyton, and zoobenthos are determined and the state of each of these biotic indicators is estimated by calculation. The biotic relations between populations in the community, such as competition and mutual ism, are not taken into consideration as a rule. The analysis of rank distributions of the abundance or bio mass of the group of living organisms, gradation of the ecosystem state, or indices of productivity of their highest trophic levels [2] [3] [4] can be considered as pos sible integral characteristics of the norm or pathology for ecosystem functioning, i.e., a peculiar instrument which makes it possible to distinguish an ecologically safe ecosystem from an ecosystem subjected to the effect of external (in the first place, anthropogenic) factors.
But there exist no absolute biological values that are appropriate for all ecosystems irrespective of their type and geographical position. Ecosystems that have different conditions can have similar quantitative characteristics (e.g., the same values of primary pro duction). Only the basic qualitative conditions are invariant for all aquatic ecosystems. Each of these states corresponds to a certain level of the anthropo genic load that is an objective criterion for scientifi cally grounded ecological standardization [4] .
If we apply the principle "prohibiting" the excess organization of the organism for the community, it should be necessary to recognize that the highest adaptation of the system to stable existence under par ticular environmental conditions is achieved at a cer tain level of system organization conditioned by the properties of the environment. The excess of the nec essary level of organization decreases the system adaptability to the conditions of its existence.
Functional changes in the community characteris tics depend on the changes in its structure. Some structural parameters, however, reflect the patters of such relationship but are not sufficient for its full description. At the same time, the patterns of the rela tionship are subjected to the effect of changes in the physiological state of some populations dwelling in the common biotope. All this requires finding such a gen eralized characteristic that, while taking into consid eration the structural characteristics of the commu nity, would reflect the features of its physiological state [5] .
The study suggests one of the variants for assess ment as to what extent the environmental conditions are favorable (or unfavorable) for the dwelling organ isms. Such approach is associated with the character istic of the physiological state of the community-in this case, for the control of aquatic environment qual ity. The dialysis culture of unicellular cyanobacteria is used for assessment of the water quality in natural waterbodies. The state of the culture is determined by differences in the degree of dichroism of absorption bands of electromagnetic radiation of the whole cells and their external layers after cells were subjected to radiation, i.e., by the degree of the spatial organization of dialysis culture cells.
MATERIALS AND METHODS
Water samples (1.5 L) were collected in a photic zone (up to 5 m) in different sites of the Moskva River from November 2010 until January 2012.
The culture of cyanobacteria Synechocystis ap. PCC 6301 was grown in standard conditions at illumination intensity of 100 W/m 2 , 20-25°C and twenty four hour lighting in the mineral medium "C" [6] . A 7-9 day culture was placed into a dialysis sac and was depleted in the minimum medium (diluted three times by the main components without trace elements and iron) for 2-3 days. In the same sac, the culture was trans ferred to the vessel containing water from the investi gated waterbody and kept there for 3-7 days. Then, the cell suspension was centrifuged at 6000 rpm. Cells of Synechocystis sp. in the dialysis sac and phytoplank ton accumulated in the "external environment" were studied separately.
Changes in the state of the culture were determined by successive measurements of the intensity of electro magnetic radiation at azimuth of polarization of 0°a nd 90° at the output of the material of the measuring element of the internal reflection spectroscopy which contacted with cells of dialysis culture (method of indirect internal reflection) [7] ; the parameters were selected based on conditions of obtaining of spectra both of whole cells and their external layers (without cell destruction). Then, the degree of dichroism was calculated for cells P 1 and their external structures P 2 and the difference between obtained data was deter mined. The differences tended to zero, which meant that the community of aquatic organisms approached the loss of their physiological activity. The increase in the difference testified to the increase in the physio logical activity of the community of organisms in this aquatic ecosystem. The analysis is based also on the fact that physical and chemical characteristics of aquatic environment affect the parameters of dialysis culture cells. This is reflected in spectral characteris tics, and all these factors influence the choice of parameters of the measuring element:
where d is cell diameter, λ 1 is a wave length in the mea suring element, θ is the incident angle of a light flux, n 21 = n 2 /n 1 is relative index of refraction, n 1 is index of refraction of the measuring element, n 2 is index of cell refraction (if the value is unknown it can be deter mined according to [7] .
According to the ratio of intensities of absorption bands for azimuths of polarization 0° and 90°, the data are obtained on the degree of dichroism for whole cells
Parameters of the measuring element for external structures of cells are selected taking into consider ation that their thickness is approximately 0.1 d (this value is determined by the cell structure of particular objects) [8] .
According to the ratio of intensities of absorption bands for azimuths of polarization 0° and 90°, the data are obtained on the degree of dichroism for external structures of cells P 2 . The differences between the degrees of dichroism (P = P 1 -P 2 ) are used to assess the state of dialysis culture and to determine the phys iological activity of the community of organisms in aquatic environment [9] .
RESULTS AND DISCUSSION
The choice of dialysis culture of unicellular cyano bacteria was based on the following criteria:
(1) An extensive distributional range: algae bloom in waterbodies in our latitudes is caused mainly by cyanobacteria.
(2) A crucial role in formation of natural commu nities and ability to accumulate contaminants; the communities where cyanobacteria are prevalent remove up to 98% of dissolved metals and metalloids from water.
(3) Sensitivity of many cyanobacteria species to the impact of some contaminants that can be explained by small cell size and a high ratio of surface to volume and a well expressed dependence of physiological and bio chemical responses of cells to physical and chemical environmental factors (exchange of materials between cells of microorganisms and environment occurs through cell's surface).
Dialysis cultivation is a kind of immobilized cul tures. The suspension culture is separated from the outside environment with a membrane with a pore size permeable for compounds with a certain molecular mass. Membrane facilitates diffusion of substances. The method has been used since the 1970s mainly for bioindication (assessment of the effect of ecological factors on phytoplankton): the phytoplankton sample was placed into the chamber whose both sides were 0.5d
No. 2 2013 semipermeable membranes and deployed in the water column. In this case, pure laboratory cultures of cyanobacteria and microalgae were used (for stan dardization of physiological responses), i.e., this method refers to biotesting. The method is the most effective at the maximum ratio of surface to volume of dialysis membrane. The best shape of the dialysis sac is not a sphere but a long cylinder submerged in 5-10 fold volume of external water environment that facilitates the continuous input of nutritive substances and the exit of metabolites inhibiting cell division. The dialysis membrane subdivides extracellular metabo lites into high molecular metabolites accumulated in the dialysis sac and low molecular metabolites that concentrate in the outside environment [11] . The obtained system is a simplified model of functioning of natural biofilm of cyanobacteria (i.e., biological com munity). In the internal space, high molecular polysaccharides are accumulated which combine sep arate cells and create specific conditions around them.
The organisms grow not in a water salt medium but in the colloidal matrix that mediates between the envi ronment and the organism.
Cultures of physiologically young cells grown on minimum media are the most sensitive to toxic impacts. Thus, test cultures possessing properties of the natural population are obtained as a result of depletion of cell reserves. Cultures in dialysis sacs can be easily replaced from one medium to the other. This makes it possible to exhaust cell reserves on the mini mum media in order to increase the sensitivity of cul tures and to remove the products of autoinhibition. Cells in the dialysis sac are sterile that makes it possible to study physiological changes of cultures in any pol luted environments, including natural waterbodies [11] .
Changes caused by the effect (in growth, respira tory activity, etc.) can be observed immediately after effect or with a delay from several hours to several days. Standard measured parameters of microalgae cultures (sensitive to conditions of culturing) include chloro phyll a concentration, calculation of the cell number, biomass, cell volume, photosynthesis intensity, etc. [12] . This requires a long lasting analysis, decreases its accuracy and repeatability, and does not allow for its use in construction of automatic devices for control. Otherwise, the method of determination does not make it possible to obtain similar results. That is why a dimensionless parameter was used in our study that reflects peculiarities of its physiological state consider ing structural characteristics of the community.
At the first stage, a series of experiments were con ducted on the pure culture of cyanobacteria grown on the mineral medium in different regimes of culturing. The results of the test were published in [13] . The cul ture of cyanobacteria of the same stage of development (a logarithmic phase of the growth) grown on the same nutrient medium at the constant light intensity is char acterized by the similarity of obtained result that does not depend on the season of the year.
At the next stage of the study samples of surface water were collected from November 2010 until Janu ary 2012 at different sites of the Moskva River basin and were analyzed according to the above described method. Depending on concentrations of different chemical compounds water collected in natural water bodies changes the physiological state of the dialysis culture that is extrapolated to the physiological state (physiological activity) of the community in a particu lar waterbody.
Figures represent the results of analysis of samples collected near the village of Karinskoye (upstream the city of Zvenigorod) and at the site of the inflow of the Istra River into the Moskva River (Dmitrovskoye). The selection of sites was dictated by the fact that the character and the degree of pollution by atmospheric, vehicular, domestic, and industrial discharges was dif ferent at the sites of sampling due to different temper ature regimes, light regime, the presence or absence of industrial enterprises, different current velocities, etc. Figure 1 represents seasonal changes in the physio logical state of the dialysis culture of cyanobacteria under effect of factors that influence aquatic organ isms in the sites of control and are expressed as gener alized dimensionless parameter P.
To check the possibility of extrapolation of the data obtained as a result of the study of dialysis culture to parameters of the physiological activity of natural communities of microalgae, the results of the studies were compared with characteristics of microalgae communities collected in the above mentioned sites during the period corresponding to the period of sam ple collection (data on the main groups of algae and some chemical parameters are presented by Mosvodo kanal Moscow State Unitary Enterprise) and with the results of laboratory studies of phytoplankton growing in the external space. The results obtained for the total number of cells and biomass of microalgae communi ties from sites of sampling are presented in Figs. 2 and 3 .
The pattern of physiological changes of microalgae was studied under conditions when the effect of the complex of physical and chemical parameters of the environment depended on seasonal variations. Sea sonal variations are especially important for microal gae communities whose structure is determined by the interspecies relations. Let us consider these periods step by step. It is known that, during the ice free period, a replacement of the main algological com plexes takes place in waterbodies.
Biological spring. Biological spring begins in the first days of April. The spring peak of phytoplankton that started during the ice period reached its maximum biomass and total abundance in May (the maximum content of nutritive substances caused by the surface washout). It is known that the spring peak of zoop lankton occurred during the most rapid increase in the biomass in May [5] . It caused the decrease in the abundance and biomass of phytoplankton. But even a slight decrease in the phytoplankton biomass led to decrease in the feeding competition. During that period (the minimum competition) the relative role of large forms increased, which is followed from the comparison of the dynamics of abundance and biom ass of the phytoplankton organism. In June, the abun dance and biomass decreased sharply, which coin cided with the end of biological spring in the water body.
Biological summer. It is considered that biological summer starts in June with an intensive succession of phytoplankton that is associated with the thermocline in the surface layer. In summer, the succession is accompanied by weakening of competitive relations (apparently, because of the continuity conditioned by the situation when the result of changes in the biotope due to development of populations of one organisms is favorable for the peak of the next one) and decrease in the specific activity of the community since July. Then, the summer culmination begins with an approximately constant biomass. In this period, the mutual regulation of abundance leads to replacement of larger forms by smaller ones that is well illustrated by the comparison of the curves of abundance and bio mass (Figs. 2, 3) . The abundance then decreases as a result of the summer succession of zooplankton that leads to disbalance in the system in August and in early September. Nevertheless, the fact of weakening of the feeding competition is supported by a new increase in the community productivity.
Biological autumn. The beginning of autumn coin cides with the drop of the temperature in the water body in the last decade of August. The autumn peak occurs slowly and covers only the end of August and September. It is registered only by changes in biomass in samples collected during that period. The period of autumn succession is characterized by an attempt of the system to return to a new stable state.
Further drop in temperature is the factor restricting the microalgae growth. Thus, if spring and summer decrease in the biomass is determined by biotic fac tors, the decrease in biomass during the autumn period is conditioned by abiotic environmental factors (tem perature and a possible decrease in the total solar radi ation). Irrespective of the nature of the factor, the autumn decrease in the density of phytoplankton organisms changes their interrelations.
Thus, the relative abundance of species of the microalgae community in the balanced system (the period of climax) leads to aggravation of the competi tion for scarce nutritive resources and decrease in the relative productivity of a living component of the eco system. Weak competition for food during seasonal successions of the microalgae community results in its high relative productivity.
CONCLUSIONS
An important criterion for analysis of the structure of any community is the pattern of the abundance dis tribution by species.
Functional changes in the characteristics of the community depend on the structural changes; and some structural parameters, though they reflect the features of this dependence, are not sufficient for its complete description. At the same time, the changes in the physiological state of some populations dwelling in the common biotope in conditions of deficient nutritive supply can influence this dependence. The above mentioned reasons testify to the necessity of finding a generalized parameter that, taking into con sideration the structural characteristics of the commu nity, would reflect peculiarities of its physiological state. Thus, the problem is to obtain such function that will make it possible to determine the physiological activity of the community according to measured or calculated structural characteristics.
The application of generalized dimensionless char acteristics of structure and function reflects the result of the effect of all environmental factors (food supply, space, light regime, etc.) on the community. Their use is more successful than the search for particular rela tions between environmental factors and functional parameters of the system. Concluding Points (1) A generalized dimensionless parameter has been obtained that, taking into consideration the structural characteristics of the community, reflects the features of its physiological state. The obtained function makes it possible to determine the physiolog ical activity of the community according to measured or calculated structural characteristics. (2) The studies have demonstrated the possibility of the practical use of the suggested approach for the study of natural communities of microalgae. Further more, the duration of the experiment should exceed sufficiently the average time of generation of mass forms of microalgae in the waterbody under study, because the real effect of one or another factor on the process of formation of organic matter is manifested in some time interval necessary for the response in the producing system in changes in the abundance and composition of microalgae.
(3) The approach allows studying the effect of con centration relations of all factors on the primary pro duction.
(4) The method makes it possible to study the rela tionship between the parameters of the system matu rity and its functional activity.
(5) The suggested approach makes it possible to trace seasonal changes in primary characteristics of the structure (total abundance of individuals and bio mass) and characteristics of the community activity. The absence of direct relations between these charac teristics is shown.
(6) The approach makes it possible to demonstrate differences in the effect of abiotic factors on the microalgae communities in different sites of the water body.
